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Abstract
On the north side of Camel’s Hump and south of Monocacy Creek in Bethlehem, PA lies a spring-fed peatland
that was referred to as the “Detweiler peat deposit” and described as having about 4.5 feet of peat over clay,
glacial till, and decomposed gneiss and limestone in Miller (1925). Today, part of this peatland is located on
the property of Friends of Johnston, Inc. who, along with federal officials, require an understanding of the
peatland hydrology and boundaries to aid in the implementation of a storm water management plan upstream
of the wetland. Although the peatland will only undergo minor replanting and quality maintenance
throughout the extent of this project, upstream hydrologic alterations could affect the character and limits of
the peatland. In advance of the project, baseline information was gathered including a hydrology assessment
and a preliminary wetland delineation. An electrical resistivity survey using SuperSting technology was
conducted and revealed an intricate subsurface network of water flow, springs, and the piezometric tendencies
characteristic of the karst topography found in the area. A preliminary wetland delineation was conducted
using the Regional Supplement to the Corps of Engineers Wetland Delineation Manual: Eastern Mountains
and Piedmont Region (Version 2.0) (USACOE 2012) and determined the approximate upland/wetland
boundaries that should be considered when implementing the storm water management plan. The bedrock
geology was obtained from the most recent mapping of the area (Aaron and Drake 1997) and it was observed
that springs feed the peatland. Going forward, this information will be important to consider in
implementation of the stormwater management project and efforts to the restore the wetland.
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ABSTRACT 
 
HYDROGEOLOGICAL AND PRELIMINARY WETLAND DELINEATION ASSESSMENTS OF PEATLAND 
ON NORTH SIDE OF CAMEL’S HUMP FARM, BETHLEHEM, PA 
Michelle Barakat 
Sally Willig, PhD 
 
On the north side of Camel’s Hump and south of Monocacy Creek in Bethlehem, PA lies a spring-fed peatland that 
was referred to as the “Detweiler peat deposit” and described as having about 4.5 feet of peat over clay, glacial till, 
and decomposed gneiss and limestone in Miller (1925).  Today, part of this peatland is located on the property of 
Friends of Johnston, Inc. who, along with federal officials, require an understanding of the peatland hydrology and 
boundaries to aid in the implementation of a storm water management plan upstream of the wetland. Although the 
peatland will only undergo minor replanting and quality maintenance throughout the extent of this project, upstream 
hydrologic alterations could affect the character and limits of the peatland. In advance of the project, baseline 
information was gathered including a hydrology assessment and a preliminary wetland delineation. An electrical 
resistivity survey using SuperSting technology was conducted and revealed an intricate subsurface network of water 
flow, springs, and the piezometric tendencies characteristic of the karst topography found in the area. A preliminary 
wetland delineation was conducted using the Regional Supplement to the Corps of Engineers Wetland Delineat ion 
Manual: Eastern Mountains and Piedmont Region (Version 2.0) (USACOE 2012) and determined the approximate 
upland/wetland boundaries that should be considered when implementing the storm water management plan. The 
bedrock geology was obtained from the most recent mapping of the area (Aaron and Drake 1997) and it was 
observed that springs feed the peatland. Going forward, this information will be important to consider in 
implementation of the stormwater management project and efforts to the restore the wetland.  
 
 
 
 
 
 
 
 
 
 
 
INTRODUCTION  
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Industrialization throughout the world in the past hundreds of years has led to the increase in needing to 
adapt. Often, stormwater management must be taken into consideration to better accommodate the needs of a 
watershed. In the Lehigh Valley, Pennsylvania, Camel’s Hump Farm sits on a site that, much like many areas 
worldwide, must be evaluated to be more productive and safe to both humans and the surrounding ecosystems. 
Camel’s Hump Farm is located on the Johnston Estate in Bethlehem, Pennsylvania (Figures 1 & 2), approximate ly 
70 miles north of Philadelphia, Pennsylvania. 
 
Figure 1: Map of Pennsylvania (Google Inc., 2018). 
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Figure 2: Map of Lehigh Valley (Google Inc., 2018). 
 Camel’s Hump (referred to in the geologic map as Pine Top Orphan (Figure 3)) sits in the Great Valley 
Section of the Valley and Ridge Province. The peatland study site lies on the north side of Camel’s Hump, a low 
ridge, in Northampton County. Located in the Monocacy Creek Watershed, which experiences a temperate climate, 
the peatland at Camel’s Hump Farm is underlain to the south by the more resistant Byram potassic feldspar gneiss 
(Y2k) and to the north by the less resistant silty limestone in the Epler Formation of the Beekmantown Group (Oe) 
(Aaron and Drake, 1997). This peatland is in the vicinity of the “Detweiler peat deposit” described by Miller (1925). 
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Figure 3: Geologic map of the Camel’s Hump (Aaron and Drake, 1997). Red arrow points to study site. 
The contact of these two formations is coincident with a thrust fault that creates a zone of fractured rock from which 
springs issue. The red arrow in Figure 3 indicates the general location of the peatland. According to Victoria 
Bastidas, the woman who lives on the property on which the study site is located, dumping of some sort of fill may 
have occurred sometime in the late 1950s or early 1960s (Personal Communication, November 2017). Further field 
investigation will be required to determine the presence or nature of fill material. However, it is the general 
understanding that the springs that once fed the area have dried up and that the historic hydrology of the peatland 
has been altered.  
The human history of the Lehigh Valley shows that the area was once inhabited by various Lenni-Lenape 
tribes. Moravian settlers arrived in 1741 and quickly contributed to transforming the Lehigh Valley into an industr ia l 
center. According to the Morning Call (2003), the Quakers innovated the first water mill in the United States and 
made vital accomplishments in the water power sector. Soon after, the Industrial Revolution struck the nation and, 
in particular, the Lehigh Valley which led to a great increase in production and opportunity (The Morning Call, 
2003). Within the range of the Monocacy Creek Watershed lies Bethlehem Steel which brought both the City of 
Bethlehem and the Lehigh Valley to prominence. Thousands of members of the community were employed and the 
money coming into the city funded the railroad system that ran through the Valley to New York City, Washington,  
D.C., Pittsburgh, PA, and Boston (The Morning Call, 2003). However, what also came with this spike in 
industrialization was a decrease in water quality and an increase in air pollution.  
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A recent increase in residential and commercial construction in the Lehigh Valley has led area officials to 
implement a new stormwater management plan for the Monocacy Creek Watershed (Appendix A). The mitiga t ion 
and restoration approaches that will be utilized as a part of this management plan include stream restoration, 
stormwater best management practices (BMPs), riparian buffer and tree planting, hedgerow demonstration, agro-
buffer/edible plantings, and restoration and establishment of meadow areas. 
 As a tributary to the Lehigh River and a fourth order stream, the Monocacy Creek travels through seven 
municipalities in Northampton County and one municipality in Lehigh County (Wildlands Conservancy, 1990). The 
creek is one of 56 limestone streams in Pennsylvania and spans about 20.3 miles and is fed by 23 to 31 tributaries 
(Wildlands Conservancy, 1990). The headwaters that contribute to the creek are located in Moore Township in 
Northampton County. Affected by a variety of land uses, the watershed has an overall drainage area of 49.3 miles..  
Construction of a residential community upstream of the study site will soon result in the destruction of a 
large ponded area that provides shelter, water, and food to wildlife including migratory birds. To minimize the 
negative effects of the elimination of this pond, a new pond will be constructed upstream from the peatland. 
Additionally, drainage ways and culverts will be installed along the adjacent major roads to introduce the storm 
water to Monocacy Creek in a controlled and strategic fashion. Proposed changes in hydrology upstream of the 
peatland has prompted the need for more information on this unique wetland occurring on the Johnston Estate.  
This capstone provides information on the approximate extent, characteristics and water sources of the 
peatland, a hydrogeological assessment, and a preliminary wetland delineation that will assist in future restoration 
plans for the peatland. 
 
LITERATURE REVIEW 
Geologic Mapping of Study Site 
The most recent geologic mapping of the Nazareth Quadrangle by Aaron and Drake (1997) shows that a 
potassic feldspar gneiss (Y2k) underlies the northern portion of Camel’s Hump and a silty limestone of the Epler 
Formation of the Beekmantown Group underlies the low-lying area to the north of Camel’s Hump (Figure 3).  Older 
geologic mapping by Miller, Fraser, and Miller (1939, reprinted in 1965 and 1973) identifies the potassic feldspar 
gneiss as the Byram Gneiss and the silty limestone as the Beekmantown Limestone (Figure 4).  This older mapping 
also shows springs along the contact between the gneiss and limestone.  
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Figure 4: Geologic map of Camel’s Hump. The white area with the red diamonds signifies the presence of 
Byram gneiss and the light pink and white stripes areas are primarily composed of Beekmantown Limestone 
(Miller et al. 1939). 
 
According to Miller et al. (1939), the Byram gneiss formation was formed during the Precambrian period 
and mostly consists of granitic texture. Beekmantown  limestone exposures can be seen on parts of Camel’s Hump 
and the surrounding area. Lithological studies show that the composition of the Beekmantown limestone is 
comprised anywhere from 3 to 40% magnesium (MgCO3), with the northern section, where Camel’s Hump is 
located, containing lower amounts of magnesium. In some areas, the Beekmantown limestone was historica lly 
quarried to make Portland cement. According to Miller et al. (1939, reprinted in 1973), there are several exposed 
eroded surfaces surrounding Camel’s Hump. Some of these eroded surfaces show evidence of caves, sinks, and 
underground drainage systems, all of which are common to the karst terrain of the limestone valley that sits at the 
foot of Camel’s Hump. It is reported that there as many as seven springs in the vicinity of where Camel’s Hump 
and Monocacy Creek meet (Wildlands Conservancy, 1990). According to Ritchie (1995), the contact of the 
Beekmantown limestone and Byram gneiss coincides with a thrust fault and the formation of springs which are 
sources of water to the peatland.  
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Soils Mapping of the Study Site 
 
Figure 5: Web Soil Survey map for the study site and surrounding areas (Web Soil Survey, 2018). 
Figure 5 shows the Web Soil Survey map for the study site and surrounding areas. The study site 
covers areas designated as GmD and Ho. The well-drained Gladstone gravelly loam, 8-25% slopes, very 
bouldery (GmD) occurs on Camel’s Hump and develops from the underlying gneiss. The well-drained 
Washington silt loam, 3-8% slopes (WaB) occurs on low-lying areas to the north of Camel’s Hump and 
develops in limestone.  The poorly-drained Holly silt loam (Ho) occurs in the floodplain of Monocacy Creek 
and its tributaries and develops in alluvium derived from sandstone and shale.  
 
  
Hydrology of Monocacy Creek Watershed  
Miller et al. (1973) discuss the Monocacy Creek Watershed. Although a significant amount of water is 
constantly flowing through the wetland, much of the flow of water takes place underground during the drier months 
of the year compared to the wetter periods. The Monocacy Creek Watershed overall includes the flow of  surface 
and ground water. The soluble nature of the limestone bedrock allows for a great deal of underground movement of 
water and the formation of natural springs that the peatland is being fed by (LVPC, 2017). In order to obtain some 
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more information on the hydrology of the Monocacy Creek watershed must be evaluated based on several 
parameters.  
A portion of the water that flows through the Monocacy Creek Watershed is in the form of runoff coming 
from nearby residences, parking lots, roads, and shopping centers. In a plan designed by the Lehigh Valley Planning 
Commission (LVPC, 2017), several structural practices are listed that will help improve the health of the watershed. 
Included in this list are various stormwater management and retention techniques, including the introduction or 
restoration of wetlands. Water pollution, much like what is draining into the Monocacy Creek Watershed, can be 
treated as it filters through wetlands, especially those with intricate subsurface flows. Reducing the amount of 
stormwater that flows into the creek can also reduce further contamination and erosion of streambanks. With the 
restoration of this Camel’s Hump wetland, a significant amount of drainage can be retained and filtered through the 
subsurface to allow for the creek to transport water without overflowing to the surrounding floodplain.  
Historical Description of Peat Deposit at Camel’s Hump (Quaker Hill) 
Based on the description of peat deposits in Northampton County included in the report by Miller (1925), 
the glacial till that was deposited in the area did not allow for a great amount of drainage in areas that experienced 
lower elevations than its surrounding topography. This lack of drainage allowed for the accumulation of organic 
material, particularly sedges and grasses, and the ponding of water, which created the conditions for the 
accumulation of peat. According to Miller (1925), the peatland was referred to as the Detweiler peat deposit and 
once caught fire for months (Figure 6).  
 
 
Figure 6: Detweiler peat deposit near Quaker Hill (another name for Camel’s Hump), 3 miles north of 
Bethlehem (Miller 1925).   
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Miller (1925) provided a section of the Detweiler peat deposit noting the thickness of the peat as 
approximately 4.5 feet, varying from brown to black with depth, over water-deposited clay approximately 1 foot 
thick, overlying less than a foot of glacial till atop gneiss (Table 1).  
 
Table 1: Depth of various layers of the soil found at the Detweiler peat deposit (Miller 1925).  
 
 
Previous Monocacy Creek Watershed Assessment and Conservation Management Plan 
According to the Wildlands Conservancy (2017), the previously implemented Monocacy Creek 
Rivers Conservation Management Plan was completed in 1998 and the Monocacy Creek was then placed on 
the Pennsylvania Registry, allowing access to more funding for conservation and preservation efforts. The 
Monocacy Creek Watershed was also put under the Stormwater Management Act (Act 167) in an effort to 
reduce the acceleration of runoff moving throughout the watershed. Current conditions prove that the health 
of the watershed has improved since this Act was implemented. By conducting historical studies, site 
assessments, and recommending future work, the Wildlands Conservancy greatly influenced the increase in 
study and planning in the Monocacy Creek Watershed. The Wildlands Conservancy (2017) claims that 1998 
marked the start of industrialization in the Monocacy Creek Watershed that influenced the establishment of 
water management plans. Understanding just how this rise in industrialization has influenced the quality of 
the stream and improvement in water quality over time is an important aspect of the study conducted by the 
Wildlands Conservancy (2017). The Conservancy sampled eight sites throughout the watershed during the 
spring, summer and fall months in 2015 and five samples were collected at each site (Figure 7).  
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Figure 7: Water Quality Monitoring Study Sites (Wildlands Conservancy, 2017) 
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The Wildlands Conservancy assessed the temperature, dissolved oxygen, nutrients, E.coli and 
conducted a water quality comparison (2017). Overall, the temperature of most of the sites that were sampled 
was greater than the criteria established by the DEP (Figure 8).  
 
 
 
Figure 8: Temperature in the Monocacy Watershed (Wildlands Conservancy, 2017) 
 Figure 9 shows the data obtained for dissolved oxygen. The dissolved oxygen levels are above the DEP 
Salmonid Minimum level.  
 
Figure 9: Dissolved Oxygen in the Monocacy Watershed (Wildlands Conservancy, 2018). 
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 The average ammonium concentrations were within the limits for healthy aquatic life while average 
concentrations of nitrate-nitrite were above the level that may by harmful to aquatic life (Figure 10). This can be 
attributed to the large amount of farmland and fertilizer use in the area.  
 
Figure  10: Average Ammonium and Nitrate-Nitrate in the Monocacy Watershed  
(Wildlands Conservancy, 2017) 
 Phosphorus, however, largely remained below the EPA Criteria Maximum (Figure 11). 
 
Figure 11: Average Phosphorous in the Monocacy Watershed (Wildlands Conservancy, 2017) 
 The E.coli data showed that the concentration of the bacteria is greater than the EPA Criteria at all sites   
(Figure 12).  
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Figure 12: 30-Day Geometric Mean for E.coli (Wildlands Conservancy, 2017) 
 Between 2015 and 2017, there has not been appreciable change in water quality data, except for an increase 
in pH and an increase in the presence of E.coli (Wildlands Conservancy, 2017). 
According to the Wildlands Conservancy wetland assessment (2017), about 240 acres in the 
watershed are occupied by wetland habitats, a 56% decrease in the past 200 years. Stream alterations have 
impaired the health of the streams and riparian buffers have been eradicated in many areas. Floodplains have 
been degraded. Many strategies were recommended by the Wildlands Conservancy (2017) including the 
restoration of the site at Camel’s Hump Farm that was studied in the report. Streambank restoration is 
suggested as well as a more detailed assessment of the hydrology and geology of the area. A recreational 
trail through the area is also suggested although these plans may change depending on permitting restrictions.  
 
METHODS 
Hydrology 
 Preliminary Wetland Delineation 
 The preliminary wetland delineation was conducted using the methodology provided in the Army 
Corps of Engineers (ACOE) Wetland Delineation Manual (Environmental Laboratory, 1987) and the 
Regional Supplement to the Army Corps of Engineers Wetland Delineation Manual: Eastern Mountains and 
Piedmont Region Version 2.0 (Appendix B) (U.S. Army Corps of Engineers. 2012). The ACOE manual 
provides “technical guidance and procedures, from a national perspective, for identifying and delineat ing 
wetlands that may be subject to regulatory jurisdiction under Section 404 of the Clean Water Act” and is 
applicable in Pennsylvania (Environmental Laboratory, 1987). The particular section of the region to which 
the peatland in this study belongs is 147 and 148 in LRR S. The regional supplement describes the indicators 
of hydrophytic vegetation, hydric soil, and wetland hydrology and how to identify them. In an effort to 
ensure uniformity throughout the region, this regional supplement was developed to assist those who conduct 
wetland delineations within a specific type of geology. The preliminary wetland delineation involved 
determining if hydrophytic vegetation, hydric soil and wetland hydrology are present on the study site.  
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 Hydrophytic vegetation is defined as, “The community of macrophytes that occurs in areas where 
inundation or soil saturation is either permanent or of sufficient frequency and duration to influence plant 
occurrence” (Environmental Laboratory, 1987). While this investigation did not occur during the growing 
season, assumptions can be made based on previous research and the species that may be evident, regardless 
of abundance. According to the ACOE Wetland Delineation Manual (2012), the presence of hydrophytic 
vegetation is evident when a vegetative community is determined to be dominant in species that require 
saturated to flooded soils. The factors that affect the type of plant species found in the area are wetness, 
climate, weather, topography, soil, any natural or anthropogenic disturbances, and any patterns that the plant 
species may exhibit. When delineating the area, the wetland indicator status of dominant species by strata 
was evaluated.  Dominant plants designated as having Obligate (OBL), Facultative Wetland (FACW), or 
Facultative (FAC) status typically occur in wetlands. However, additional studies must be conducted during 
the growing season in order to confirm the presence of hydrophytic vegetation in the study site.  
Hydric soil, according to the United States Department of Agriculture (2108), is, “A soil that formed 
under conditions of saturation, flooding or ponding long enough during the growing season to develop 
anaerobic conditions in the upper part”. When combined with the increase in microbial activity, the soil 
becomes depleted of oxygen causing the accumulation of organic matter and evidence of the reduction of 
iron in the soil. According to the ACOE, “Hydric soil indicators are formed predominantly by the 
accumulation or loss of iron, manganese, sulfur or carbon compounds in a saturated and anaerobic 
environment. There are three groups into which a hydric soil indicator can fall in. These groups are “All 
Soils”, which are used in any soils no matter the texture, “Sandy Soils” which must have a texture of loamy 
fine sand or coarser, and “Loamy and Clayey” sands which are considered to be anything that has a texture 
of loamy very fine sand and finer (ACOE, 2012). 
According to the ACOE (2012), “Wetlands subject to seasonal hydrology include wet meadows, 
springs, seeps, and seasonal ponds”. In order to determine that a site has wetland hydrology, the wetland 
hydrology indicators must be present. These indicators are categorized into four different groups. Group A 
is centered around field observations of surface and ground water. Group B indicates that past flooding is 
evident and includes water marks and various types of deposits. Group C includes more long-term evidence 
of soil saturation such as oxidized rhizospheres or reduced metals. Group D is categorized as landscape, 
vegetation and soil features that indicate the past presence of wetland hydrology. There are both primary and 
secondary indicators within each group however one primary indictor from only one group is sufficient to 
indicate that the site has wetland hydrology.  
Geology 
The geology aspect of the study consisted of reviewing historical geologic maps (Miller et al. 1939; Aaron 
and Drake 1997), making observations in the field, and conducting a geophysical survey. Using electrical resistivity 
techniques, the depth of various types of soil and bedrock can be determined as well as the presence of subsurface 
karst topography. According to Whiteman et al. (2003), using Electrical Resistivity Tomography in a Wenner – 
Schlumberger array is an efficient and effective way to identify the depth to the water table (Figure 13). 
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Figure 13: Geophysical Survey (2018).  
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 This process consists of an electrical current that is injected into the ground through electrodes. The 
difference in voltage between the electrode and along with the current and voltage that are associated with the 
electrical injection, the resistivity is calculated using the following equation: 
 
      𝑝𝑎 = 𝑘 (
𝑉
𝐼
)         (Equation 1) 
where:   𝑝𝑎 = apparent resistivity 
       k = geometric factor  
       V = voltage 
        I = current 
 
Using Equation 1, the injection of electricity into the ground provides information on how porous rocks are or how 
saturated the subsurface may be. The higher the water content in the subsurface, the lower the resistivity that is 
recorded by the electrical resistivity tomographic technique.  
Geophysical techniques can be beneficial in a variety of ways in understanding geology and hydrology. In 
this case, electrical resistivity was used to determine the locations of springs beneath the peatland that may be the 
source of water, the extent of the wetland and the depth to the water table. The span of the transect was first 
determined by figuring out the general area of the wetland. From the surface, the area was more saturated in the 
center of the peatland so that area was chosen when conducting the transect. Fifty-five electrodes were set up one 
meter apart organized in a Wenner-Schlumberger array to allow for the collection of data of the entire subsurface. 
The electrodes of a SuperSting electrical resistivity machine were hammered into the ground in a straight line that 
corresponded to the transect that had been initialized into the machine. After confirming the transect, we allowed 
the machine to run, about 20 minutes per electrode (110 minutes). After running the electrical resistivity, a graphic 
was produced using digitalizing software that allows for interpretation of the data. From there, manipulations were 
performed on the data to show trends and to ensure correct assumptions. 
 
RESULTS AND DISCUSSION 
 Hydrology 
According to Ritchie (1995), the hydrology of the Monocacy Creek watershed is relative ly 
undisturbed and the water quality is high. Due to the abundance of natural brown trout populations, 
Monocacy Creek is rated a, “Trophy Trout, limestone creek designated by the DER as a HQ-CWF (High 
Quality – Cold Water Fishery)” (Ritchie, 1995). The water found in the watershed is high in dissolved solids, 
hardness, and specific conductance due to the ions that leach into the water from the limestone. The pH of 
the water typically ranges from 7.4 to 7.9, the alkalinity of the water ranges from 26 to 160 mg/l calcium 
carbonate, and ortho-phosphate concentration were from 0.01 to 3.6 mg/L. Increasing ortho-phosphate 
concentrations are associated with the increasing use of fertilizer and other forms of organic waste in the 
area. Nitrate concentrations are high and increase during the growing season due to the abundance of plant 
matter in the ecosystem. In 1997, it was recorded that the levels of nitrate in the water coming out of the 
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springs at Camel’s Hump were much greater than those recorded in other areas of the creek (Ritchie, 1995). 
This increase in nitrate at these locations is attributed to a possible contamination event that caused leaching 
into the groundwater  (Wildlands Conservancy, 1990).  
Understanding the hydrology of the Monocacy Creek Watershed and the peatland on the Johnston 
Estate is an important aspect of this study as it provides a baseline for future comparison following 
implementation of the proposed stormwater plan. An overview of the watershed showing the location of the 
study site in the southern portion can be seen in Figure 14.  Figure 15 provides another view of the Monocacy 
Creek watershed boundaries. The mapped National Wetland Inventory (NWI) wetlands and hydric soils 
including the Holly silt loam occurring on the study site are shown in Figure 16. Figure 17 shows the 
topography of the watershed with Camel’s Hump standing higher than its surroundings.  
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Figure 14: Overview of the Monocacy Creek Watershed (LVPC, 2017) 
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Figure 15: Boundaries of the Monocacy Creek Watershed (Wildlands Conservancy, 1990) 
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Figure 16:Wetlands & Wet Soils of the Monocacy Creek Watershed (Wildlands Conservancy, 1990) 
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Figure 17: Monocacy Creek Watershed USGS Topographic Map (Wildlands Conservancy, 1990) 
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A 1972 USGS water budget was analyzed and assumptions on the current conditions of the watershed were 
made to better understand how the flow of water is affecting the communities around it and how it may 
affect the future growth of populations. Additional information on the peatland hydrology was collected in 
the field through a preliminary wetland investigation (Wildlands Conservancy, 1990).  
There have been some incidents where Monocacy Creek had inconsistent flow rates. During the mid-
1960s, the eastern United States experienced a long period of drought. In January 1966 at the Monocacy 
Creek Park, just downstream from this peatland study site, the Monocacy Creek experienced its lowest ever 
discharge at the; 5.2 cubic feet per second. Following these episodes and up until 1973, the National Portland 
Cement Company was discharging 10,000 gallons of water per minute from its limestone quarry into 
Monocacy Creek. This discharged water maintained surface water and often caused a great amount of 
pooling on the Johnston Estate and near the peatland (Ritchie, 1995). The pumping of this water, however, 
caused a large cone of depression to develop in the area of the peatland and many of the springs dried up. 
While Monocacy Creek water levels recovered once the pumping was terminated in 1973, the stream was 
still experiencing extended dry periods during low flow events a decade later. Overall, however, Monocacy 
Creek had seen a “characteristic base-flow recession constant” (Ritchie, 1995) of 0.985 in 1995 which 
signifies that the groundwater storage has been depleted. Based on similar trends in the area, this constant 
has only shifted toward more depleted values. This is a vital factor that the stormwater management plan 
must take into consideration. With further contribution to the output being lower than the input from the 
possible increase of stormwater drainage, the health of the creek and the presence of the peatland may be 
threatened. In some cases, this water does not necessarily disappear, but travels through the ground and 
collects in holes in the limestone as ground water. The springs that formed from these build ups of water 
often interfered with construction of buildings and roadways. Higher up Camel’s Hump above the peatland 
is a narrow road called Santee Mill Road. When this road was constructed, those who were digging must 
have been introduced to a spring that they could not plug or redirect away from the road. So the road 
construction crew decided to redirect the stream under Santee Mill Road. The outfall, which sits on the 
peatland property, is a limestone structure that allows water to easily and slowly percolate through and into 
the nearby creek and eventually the creek.  
A water budget conducted by the Wildlands Conservancy (1990) based on data that was collected 
from 1949 to 1996 found some very significant details about the hydrology of the area. First, it was 
concluded that the precipitation, stream discharge, and baseflow adhere to cyclical patterns that depend on 
the season and roughly the same amount of rain falls annually. While the amount of precipitation stays 
constant over this period of time, the portion that occurs as streamflow is increasing over time. Additiona lly, 
the percentage of the precipitation that becomes baseflow is also increasing (Wildlands Conservancy, 1990). 
This information is key and should be taken into account when the stormwater management plan is being 
implemented. With continually increasing amounts of water flowing through the system, considerations 
should be made that involve adaptations to increasing discharges and changes in climate.  
  Preliminary Wetland Delineation 
The preliminary wetland delineation was not performed during the growing season which is 
why this is designated as “preliminary”. According to the preliminary wetland delineation guidelines, 
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if the delineation is not performed during the growing season, then previously recorded data can be 
used to make general assumptions. The completed Regional Supplement to the Army Corps of 
Engineers Wetland Manual: Eastern Piedmont Region Version 2.0 Form is attached as Appendix C 
and shows the composite results of the sampling that helped make the decision on whether or not the 
area was experiencing wetland characteristics. Overall, this assessment has confirmed that when area 
officials move forward with their stormwater management plan, they should do so in a way that does 
not disturb the hydrology of the peatland. The sampling date occurred on February 17, 2018 by the 
author with the permission of the owner of property, Victoria Bastidas. The local relief was 
determined to be concave and the latitudinal and longitudinal coordinates are 40.68329575, 
75.2912528. The soil unit name is Holly according to the Web Soil Survey (2018). On the day of 
surveying, the climatic and hydrologic conditions on the site were typical of the time of year. The 
vegetation, soil, and the hydrology were not considered to be significantly disturbed or naturally 
problematic and the area was considered to exhibit normal circumstances. As the summary form 
states in Appendix C, hydrophytic vegetation, hydric soils, and wetland hydrology were all present. 
The primary wetland hydrology indicators that were identified during the survey were surface water, 
high water table (Figure 18), saturation, iron and other metal depletion (Figure 19), iron deposits 
(Figure 20), and possibly oxidized rhizospheres on living roots (Figure 21).  
Figure 18: Evidence of a high water table at soil sample locations. 
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Figure 19: Evidence of depleted metals in the subsurface. 
Figure 20: Evidence of iron deposits found in the creek that intersects the Site.  
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Figure 21: Evidence of oxidized rhizosphere. 
 
 Surface water was present throughout the area and the soil was saturated throughout the main study 
area. When sample holes were dug about one half of a meter deep, they quickly filled with water indicat ing 
that the water table is present within the upper layer of the substrate. Overall, wetland hydrology was 
determined to be present.  
 
The vegetation found through research and site surveys included American Sycamore  
(Platanus occidentalis, FACW), Black Locust (Robinia pseudoacacia, FACU), Fox Sedge (Carex 
vulpinoidea, OBL)), Skunk Cabbage (Symplocarpus foetidus, OBL), and Virginia Creeper 
(Parthenocissus quinquefolia, FACU).  Hydrophytic vegetation may be present and should be more 
fully characterized during the growing season.  
The hydric soil indicators were prominent and revealing of continually wet conditions. For 
many of the holes that were dug around the area, water was found between 12 and 18 inches. The 
soil was mainly of 10YR 5/2 on the Munsell Color Chart. The hydric soil indicators that were 
recorded on the day of the survey include depleted soil below the dark surface (Figure 22), thick dark 
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surface (Figure 23), dark surface, redox dark surface, and umbric surface indicating that hydric soil 
is present.  
 
Figure 22: Depleted soils beneath thick dark surface (2018). 
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Figure 23: Evidence of dark surface (2018).  
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 Geology 
According to the Wildlands Conservancy (1990), karst topography developed in the underlying 
limestone formation occurs throughout the area. This is important when locating the springs that may be 
feeding the peatland and any areas that may be of concern when walking or working in the area. In general, 
the Monocacy Creek Watershed sits mostly on limestone formations. The composition of limestone greatly 
affects the quality of the creek. Waterways that are established on limestone formations such as the 
Beekmantown limestone are typically able to sustain a wide variety and great amount of aquatic species and 
healthy riparian systems. Due to the high buffering capacity of the carbonate in the limestone, a 
circumneutral pH value is usually maintained within the stream. These ideal conditions and the abundance 
of various types of plant and animal life are why this area has healthy trout populations. Another 
characteristic of limestone formations is a phenomenon known as a losing stream. Since limestone is so 
permeable, surface waters percolate easily into the groundwater and create various types of subsurface 
streams. While the Monocacy Creek is flowing through permeable limestone for much of its length, upon 
reaching the hard rock of Camel’s Hump, it is blocked and forced up to the surface.  
  Geophysics 
An electrical resistivity survey was used to get a better idea of the depth to the water table, 
the sources of water underground, and the possible flow paths of this water located at Camel’s Hump 
Farm. The Environmental Protection Agency (EPA) states that, “Surface electrical resistivity 
surveying is based on the principle that the distribution of electrical potential in the ground around a 
current-carrying electrode depends on the electrical resistivities and distribution of the surround ing 
rocks and soils” (EPA, 2016).  A SuperSting instrument was used to collect the data which was then 
interpreted through an application called Earth Imager. The results of the electrical resistivity survey 
provided an image of exactly what was being searched for – springs. In Figure 18, the initial output 
from the electrical resistivity survey can be seen. As the figure shows, one-meter electrode spacing 
was used to adequately capture a picture of the subsurface. The iteration number refers to the number 
of times the subsurface data was altered to obtain a synthetic data set for comparison purposes. The 
RMS, or root square mean value (also known as the quadratic mean), is the percent discrepancy 
between the synthetic data and the data collected in the field. Since this number is pretty low, the 
data collected can be considered good quality data. The L2 number also measures discrepancy using 
a least squares regression technique. If this value is equal to or less than 1.0, the two data sets are 
considered reasonably equivalent, which is the case in Figure 24.  
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Figure 24: Inverted Resistivity Section. 
High resistivity values are denoted by yellow to orange colors (warm colors) and typically 
signify solid rock in which electrical current does not easily move through. Low resistivity is denoted 
by the purple to blue colors (cool colors) and typically signify the presence of water (U.S. Department 
of the Interior, 2012). This data reveals the variety of features in the subsurface and the changes 
underground that may be affecting the flow of water into and out of the peatland. While this is a 
helpful image, some modifications were made to better understand the trends that are occurring. 
Figure 25 shows the image after modifications to the data profile. This shows the extent of the 
wetland and which areas of the surface are more saturated than others. The areas that are darker blue 
to purple are the areas which exhibited lower electrical resistivity, also considered the areas which 
are saturated or wet. The extent of this peatland is about 38 m in this transect. Understanding the 
extent of the peatland is helpful when confirming the area of the wetland delineation.  
 
Figure 25: Data obtained through the Electrical Resistivity Tomography. 
A’ 
A’ 
A 
A 
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Also shown in Figure 25 are two areas of lighter blue and purple on the right and left towards 
the middle of the profile. This confirms that the springs are indeed still there and they are producing 
enough water to show piezometric flow in the subsurface. The image that was produced through the 
Earth Imager was then manipulated to better discern patterns in the subsurface. As labeled in the 
figure, there is a great deal of water present underground which is where the wetland is located. This 
transect can be better understood if you orient your position with Monocacy Creek to the south and 
Santee Mill Road to the north. For this transect, the wetland extends out to about 38m past the starting 
point. At this particular spot in the peatland, this transect proves that the saturated soil extends 38 
meters as shown in Figure 26. . The two lighter to darker blue contoured areas located on the far left 
and right sides of Figure 19 are the springs that feed the peatland and the dashed lines that runs 
throughout the image shows that piezometric flow is occurring  underground.  
 
Figure 26: Wetland assessment boundaries (dark blue) soil samples (green), ER survey (orange) and stream that 
intersects the Site (light blue). 
 
 
CONCLUSION 
A’ A 
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 Moving forward, the officials who are directing implementation of the stormwater management plan 
upstream should regard this area as a peatland and take all necessary precautions to protect it  The geologic 
assessment showed that there are springs present in the subsurface beneath the peatland. The area on which the 
peatland sits is where the Beekmantown limestone meets the Byram gneiss along a thrust fault. Due to the fractures 
along this fault, groundwater issues to create springs that sustain the peatland. An electrical resistivity survey was 
conducted to find the extent to which the saturated soil reached in one area of the larger wetland system., As shown 
in Figure 26, it was found that saturated soil extended west about 38 meters from the eastern upland edge (Figure 
26). A preliminary wetland delineation was conducted and determined the presence of wetland hydrology, hydric 
soils, and possibly hydrophytic vegetation that should be more completely assessed during the growing season.. An 
overall summary image of the area and the tests performed can be seen in Figure 26. 
 Understanding the sources of water that feed the Camel’s Hump peatland and its boundaries are very 
important in maintaining its integrity. With this baseline data and preliminary information, those who are 
implementing the stormwater management area should move forward without disturbing the peatland. This 
information will be able to be used in future projects in the area as the need for stormwater management is growing 
in the Lehigh Valley. Additionally, this data can be used by the local schools and universities that will be using this 
area as an educational tool in the future. Looking ahead, a great amount of work can be done to gain further 
knowledge about the peatland. First, additional electrical resistivity surveys can be performed to create a three-
dimensional image of the subsurface. From there, ground penetrating radar can be performed to determine if there 
is any old infrastructure within the peatland. Additionally, a complete wetland delineation can be performed during 
the growing season, including assessment of paired upland and wetland data points, to better define the limits and 
characteristics of the peatland. Further investigation of possible historic fill deposition may help determine if there 
are any contaminants located in the peatland that may need to be removed.  
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